In hot environments, maintenance of plant productivity requires that limiting plant processes are not irreversibly damaged by heat. All plant processes are irreversibly damaged if it is hot enough for a sufficient time. Consequently, in designing breeding programs to incorporate heat tolerance, answers are needed to the following questions: a) What types of hot weather are occurring in production environments, considering day and night temperatures at different times during the season; and, to what extent are they causing reductions in yield? This information is useful for establishing the priority to be given to breeding heat tolerance into cultivars for different target environments.
b) What stages of plant development and plant processes are most sensitive to high' temperatures and are responsible for thereductions in yield? This information would facilitate the development of efficient techniques for screening germplasm for heat tolerance. It would also be useful to know whether other correlated factors such as evaporative demander day length influence plant response to hot weather. c) How is heat tolerance inherited, and are there any other characters associated with heat tolerance through genetic linkage or pleiotropy that influence crop adaptation or suitability as a cultivar? This information is useful for developing effective breeding strategies.
I will describe studies that have enabled us to incorporate heat tolerance into cowpea [Vigna unguiculata (L.) Walp.] . The same general approach could be effective with several annual flowering plants, including soybean; cotton, tomato, rice, and sorghum, which have exhibited responses to heat similar to cowpea. We became interested in heat tolerance when we observed negative correlations between grain yield and high temperatures during early flowering for cowpeas sown at different dates (Turk et al., 1980) . We suspected that high temperatures were causing excessive flower abscission, because low seed yields were associated with low numbers of pods per peduncle and per unit ground area.
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The types of hot weather and stages of development when cowpeas are seriously affected by high temperatures By controlled-environment studies, we discovered that high night air temperatures can cause excessive flower abscission (Warrag and Hall, 1984b) , whereas plants subjected to high day air temperature or high root-zone temperature exhibited normal levels of flower abscission (Warrag and Hall, 1984a) . Flower abscission was greater for plants subjected to both high night and high day temperatures than for plants subjected to just high night temperature, and higher levels of embryo abortion also occurred (Warrag and Hall, 1983) . The detrimental effects of high temperature are probably direct and not due to enhanced water stress resulting from higher evaporative demands. High night temperatures should not have much influence on plant water status because stomata are closed at this time, and moderate drought due to soil drying did not influence the level of flower abscission at optimal night temperatures (Warrag and Hall, 1984b) .
Artificial pollinations established that the excessive flower abscission and low pod set of plants subjected to high night temperature were due to male sterility (Warrag and Hall, 1984 b) . Plants were transferred between growth chambers having optimal and high night temperatures for different durations (Warrag and Hall, 1984b) . Analyses of the pulses of flower abscission and pod set that were induced indicated that, for plants grown under optimal night temperatures, the stage of floral development that is sensitive to heat stress occurs 6 ± 1 days before flower opening. This corresponded with a stage of development occurring just after the release of tetrads from the microspore mother cell sac. At anthesis, some of the pollen grains from plants grown under high night temperatures were small, with a wrinkled exine and low viability (Mutters, 1988; Warrag and Hall, 1984b) . Transfer of pollen to the stigmatic surface (which normally occurs within the same flower in cowpea) was impaired in some cases due to anthers not dehiscing (Mutters, 1988; Warrag and Hall, 1983; Warrag and Hall, 1984b and Hall, 1983) . In this environment, photoperiod--insensitive cowpeas with moderately early maturity begin flowering during late July and early August, when daily maximum and minimum temperatures are extremely high (39-43C and 22-26C, respectively) and most genotypes set very few pods (Hall and Patel, 1987; Warrag and Hall, 1983) . Two genotypes were discovered, TVu 4552 and Prima, which set many pods in extremey hot conditions, and their tolerance to high temperatures was confirmed by studies in controlled environments (Warrag and Hall, 1983) . Observations made on plants under very hot, long-day field conditions (Imperial Valley) and warm-to-hot (35/ 17, day/night), long-day field conditions (Riverside, Calif.) indicated that some cowpea genotypes are sensitive to heat during early floral bud development (stage 1). For these cowpea genotypes, floral bud development is delayed or completely inhibited by very hot, long-day conditions, but not under warm-to-hot, long-day conditions (Dow elmadina and Hall, 1986; Hall and Patel, 1987) . Subsequent research in controlled environments demonstrated that sensitivity to heat during floral bud development only occurs in long days and not in short days (Dow elmadina and Hall, 1986; Mutters, 1988) . Cowpea genotypes have been separated into eight classes, depending on their relative sensitivities to heat during stages 1 and 2 of floral development, under long-day conditions (Hall and Patel, 1987) .
Thermal regimes under which cowpeas are grown and the influence of these temperatures on grain yield
Substantial differences in night and day air temperatures occur during early flowering in the different regions of the world where cowpea are grown (Hall and Patel, 1987; Nielsen and Hall, 1985) . The highest night temperatures occur in the tropics, especially in the Sahelian zone of Africa and also parts of India (Hall and Patel, 1987; Nielsen and Hall, 1985) . Substantial differences in night temperature also occur during various summer months and locations in the subtropical and temperate zones where cowpeas are grown in Califorina (Nielsen and Hall, 1985a ).
An experimental system was developed to evaluate the influence on cowpea of the night temperatures experienced in different parts of the subtropics and tropics (Nielsen and Hall, 1985a) . This system involved enclosing field plots at night with insulated plastic sheets; heating the air with fans, heaters, and convection tubing; and controlling temperatures using differential thermostats to dif, ferent levels above ambient conditions. When night air temperatures were raised to levels that occur in the hotter subtropics and tropics for 2 to 4 weeks during early flowering, there were progressive increases in floral abscission and decreases in grain yield with a sensitive cultivar, but the two heat-tolerant cowpea strains exhibited less floral abscission (Nielsen and Hall, 1985b) . Apparently, cowpea cultivars with heat tolerance during floral development (stage 2) are needed in the tropics and in the hotter, subtropical areas of California.
Inheritance of heat tolerance in cowpeas and breeding cultivars with improved adaptation to hot environments
One aspect of the strategy used in this breeding program is the division of a complex process that depends on many genes into subprocesses that are more-simply inherited. This facilitates the use of a backcross breeding program. Many defects are -present in the cowpea strains TVu 4552 and Prima, which have substantial heat tolerance. Repeated crosses are needed with parents that can donate appropriate genetic backgrounds. Knowledge of the subprocesses involved in heat tolerance and their inheritance facilitates the choice of recurrent parents. Some potential parents already have some of the genes responsible for heat tolerance, but the phenotype does not have adequate adaptation to hot weather because certain key subprocesses are sensitive to heat. It also facilitates choice of the selection schemes needed to incorporate all of the genes necessary for adaptation to hot weather.
Inheritance studies with F l , F 2 , F 3 , and backcross progenies involving the two heattolerant parents and a heat-sensitive cultivar (CB5) indicate that heat tolerance during floral bud development (stage 1) is conferred by the same recessive gene in TVu 4552 and Prima (P. N., Patel, unpublished data). The inheritance of heat tolerance during pollen and anther development (stage 2) is conferred by a dominant gene, but there is substantial environmentally induced variation in this trait (K.O. Marfo, unpublished data). High day air temperatures can cause embryo abortion and the development of asymmetrical cotyledons (Warrag and Hall, 1983; Warrag and Hall, 1984a) . High night temperatures cause undesirable browning of the seedcoat in some cowpea strains (Nielsen and Hall, 1985b) . Inheritance studies with F l , F 2 , F 3 , and backcross progenies involving TVu 4552, which exhibits heat-induced browning of the seedcoat, and CBS and Bambey 21 indicated that this detrimental trait in TVu 4552 is conferred by a dominant gene; no linkage was observed with the genes in TVu 4552 that confer heat tolerance (Patel and Hail, 1988 ).
The overall breeding strategy conducted by Patel consisted of making simple crosses and backcrosses using TVu 4552 and Prima as sources of heat tolerance during stages 1 and 2, and CB5 and several African cowpeas as sources of heat tolerance during seedcoat development and other desirable agronomic characters for subtropical and tropical zones. F 2 and selfed backcross progenies were screened for ability to set pods under extremely high temperatures in the Imperial Valley of California-this procedure would incorporate genes conferring tolerance to heat during stages 1 and 2 and absence of seedcoat browning. In subsequent generations, lines of plants were screened for agronomic characters in an environment representative of warm-to-hot production conditions (Riverside, Calif.). In theory, heat tolerance during stage 1 and seedcoat development should now be fixed in selected lines because they are conferred by recessive genes, but the initial screen in the Imperial Valley is not perfect and heat tolerance during stage 2 involves one or more dominant genes. Also, some temperature variation does occur in field environments, and it is not excessively hot every day in the summer in the Imperial Valley. Consequently, selected lines were screened a second time for heat tolerance in the Imperial Valley 'in the summer, with emphasis on incorporating heat tolerance during stage 2 (pod set). Advanced lines from this breeding program have the capability to set many pods during extremely hot weather in the Imperial Valley, while heat-sensitive parents set very few pods. The four best heat-tolerant lines produced 612% greater grain yields than the heat-sensitive parent in a yield trial during the summer in the Imperial Valley (Hall and Patel, 1987) . Advanced heat-tolerant lines are now being tested in various locations that are representative of different production environments in California to evaluate the impact of incorporating heat tolerance at flowering on productivity under farm conditions.
The field screening procedure and type of heat tolerance during floral bud development available in TVu 4552 and Prima resulted in our simultaneously selecting for heat tolerance during flowering, early flowering, and insensitivity to photoperiod with respect to the timing of flowering. All of these traits are desirable in many cowpea production environments. Where it is desirable to retain photoperiod sensitivity with respect to the timing of flowering, or select for late flowering while selecting for heat tolerance during floral development, it may be necessary to screen in glasshouses where the necessary combinations of night and day temperatures and photoperiod can be achieved. We have evidence indicating that the quality of white light influences the interactive effects of high temperature and day length on floral development (Mutters, 1988) . Consequently, where controlled environments are used for screening for heat tolerance, it is necessary to use either natural sunlight or the type of artificial lights that will elicit the same responses as sunlight.
Conclusions
An example was presented of a breeding program designed for developing cultivars with improved adaptation to hot environments. The approach involves characterizing the following: The target environments where the cultivars will be grown; the types of hot weather, stages of plant growth and plant processes where damage is occurring that is responsible for reductions in yield; and the inheritance of heat tolerance at critical stages. This information was then used to design and execute a conventional backcross breeding program that resulted in the development of cowpea strains with improved productivity in hot environments.
The same general approach could be effective in breeding plants for resistance to other stresses. For research on the effects of stress on individual plant processes to contribute directly to the development of stressresistant plants, it should be established that: 1) the plant process studied is particularly sensitive to stress and is at least partially responsible for the stress-induced reductions in yield that occur on farms and 2) the sensitivity of the plant process can be manipulated genetically without detrimental side effects. Studies at the molecular or cellular level should also follow these guidelines if they are to be directly useful in germplasm improvement. For example, the significance of heat shock proteins for plant adaptation has not been established (Sachs and Ho, 1986) . The cowpea germplasm identified and developed by this project, which has tolerance or susceptibility to heat at different stages of floral development, may be useful for testing hypotheses concerning potential physiological roles of specific heat-shock proteins. However, the whole-plant approach used in this project appears to be effective for incorporating heat tolerance, and the need for complementary molecular approaches has not been established. 
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